Cysticercosis caused by infection with embryonated eggs of
demicity, making it a major public health problem in most developing countries [1] [2] [3] .
The diagnosis of CC in developed countries is mainly based on clinical criteria and on computed tomography (CT) and nuclear magnetic resonance imaging results. The imaging techniques are useful for diagnosis but have the possibility of overlooking the infection when the number of parasites is low and/or the figures are not clear or not typical [4] . Moreover, these techniques are not suitable for the diagnosis of CC in areas where it is endemic, especially developing countries, because of the high cost. Therefore, the development of an immunodiagnostic test that detects specific antibodies in either serum or cerebrospinal fluid is an urgent issue because of the simplicity and reliability of such tests, especially in serum [5] . Glycoproteins (GPs) in fluid from T. solium cysts have widely been accepted for serodiagnostic purposes. Tsang et al. [6] characterized, using lentil-lectin chromatography, GPs in a crude extract of metacestodes that showed 7 major diagnostic bands of 10-50 kDa, and they demonstrated the usefulness of GPs for serodiagnosis based on immunoblot but not on ELISA. By contrast, we developed a simple method to purify GPs using preparative isoelectric-focusing electrophoresis (IEFE) that is applicable for both immunoblot and ELISA for humans, pigs, and dogs that [7] [8] [9] [10] . In addition, we demonstrated the usefulness of the recombinant chimeric T. solium-Ag1V1/Ag2 protein (Rec-Ag1V1/Ag2), the backbone proteins of GPs used for serodiagnosis in humans and animals [8] [9] [10] .
Recently, we reported that (1) T. solium could be divided into 2 genotypes-African/American and Asian-on the basis of mtDNA analyses [11] and (2) banding patterns of GPs recognized in serum from patients with CC differed among fluid from T. solium cysts from persons living in geographically different regions [12] . These results raised the possibility that the origin of GPs might affect the quality of antigens and the sensitivity and/or specificity of serodiagnosis.
In the present study, we characterized GPs from the 2 genotypes of T. solium and compared the antigenicity of GPs from Asia, America, and Africa. Furthermore, we compared the usefulness of Rec-Ag1V1/Ag2 with native GPs as serodiagnostic antigens and verified the existence of the Ag1V1 and Ag2 genes in T. solium isolates from around the world.
MATERIALS AND METHODS

Animals.
The animals used in our study were euthanized in accordance with the guidelines of the Ethics Committee, Asahikawa Medical College, Asahikawa, Japan.
Production of polyclonal and monoclonal antibodies to T. solium GPs. T. solium GPs to be used for the serodiagnosis of CC in humans and pigs were purified using IEFE [7] . Polyclonal antibodies against T. solium GPs were prepared by immunizing rabbits subcutaneously twice, with a 3-week interval between, with IEFE-purified GPs from South American (Ecuador) isolates that had been emulsified with Freund's complete adjuvant and boosted with the same GPs emulsified with Freund's incomplete adjuvant.
Monoclonal antibodies were produced using mouse NS-1 myeloma cells [13] . Briefly, female BALB/c mice, immunized by intraperitoneal (ip) injection of GPs emulsified in Freund's complete adjuvant, were boosted 3 weeks later with the same GPs emulsified with Freund's incomplete adjuvant. Three days before cell fusions, the mice were boosted ip with 50 mg of antigens in PBS. Spleen cells from immunized mice were fused with NS-1 myeloma cells. ELISA using GPs was applied for the screening of antibody-secreting hybridomas. Hybridomas were selected and cloned by limited dilutions at least twice. From several clones producing antibodies to T. solium GPs, we chose clone 4F10, which showed reactivity to recombinant protein, Ag1V1 [9] , on which to perform the study. Both polyclonal and monoclonal antibodies were purified using a Protein G Sepharose column (Amersham Biosciences) in accordance with the manufacturer's instructions.
Affinity purification of GPs from fluid from T. solium cysts. Both polyclonal and monoclonal antibodies to GPs were coupled to an N-hydroxysuccimidine-activated column [13] , in accordance with the manufacturer's instructions, and used for the purification of GPs from fluid from T. solium cysts. All cysts were collected from naturally infected pigs. Fluid from T. solium cysts was prepared from cysts from South America (Brazil), Africa (Tanzania), and Asia (China and Indonesia). After purification, GPs were dialyzed against PBS and kept at Ϫ20ЊC until use. Protein concentrations were determined using a bicinchoninic acid protein assay kit (Pierce).
SDS-PAGE and immunoblot analysis. Protein analysis by SDS-PAGE was performed using the method of Laemmli [14] . Proteins were solubilized with a SDS sample buffer (10 mmol/ L Tris-HCl [pH 6.8] that contained 2% SDS, 5% 2-mercaptoethanol, and 10% glycerol) at 100ЊC for 5 min and separated electrophoretically in a 15.0% polyacrylamide gel. For immunoblot analysis, the separated proteins were transblotted onto a polyvinylidene difluoride (PVDF) membrane sheet (Millipore) [7] . The PVDF sheet was blocked with blocking solution (20 mmol/L Tris-HCl, 150 mmol/L NaCl, 1% casein, and 0.05% Tween 20 [pH 7.6]) and probed with antibodies and then with peroxidase-conjugated protein G (Cappel) [7] . Color development was performed using 3,3 ,5,5 -tetramethylbenzidene (Kirkegaard & Perry Laboratories).
Enzymatic deglycosylation. GPs purified with monoclonal and/or polyclonal antibodies were deglycosylated with 250 mU of peptide-N4-(N-acetylglucosaminyl) asparagine amidase (PNGase F; Sigma) at 37ЊC for 18 h, in accordance with the manufacturer's instructions.
Serum samples. A total of 90 serum samples-60 human and 30 pig-were used. Human serum samples were from South America (12 from Ecuador and 8 from Brazil), Africa (4 from Cameroon), and Asia (12 from Korea and 24 from China). All human serum samples were prepared using T. solium isolates from patients with CC who had a history of epilepsy and who were living in areas where T. solium is highly endemic and whose infection has been confirmed serologically using both GPs and Rec-Ag1V1/Ag2 and also by CT in China [15] [16] [17] [18] . In Papua, Indonesia, there was no statistical difference in antibody responses to GPs and Rec-Ag1V1/Ag2 between persons suspected as having neurocysticercosis with a history of epilepsy and those with subcutaneous cysticercosis [16, 17] . Cysts resected from subcutaneous nodules were confirmed to be T. solium cysticerci by morphological testing and the presence of mtDNA [15] [16] [17] 19] . All pig serum samples were obtained from pigs naturally infected with and harboring T. solium cysticerci, except for those from Mexico, which were from experimentally infected pigs [8, 20] . Cysticerci from all pigs were confirmed to be T. solium by mtDNA analysis [21] . They were from Latin America (6 from Ecuador and 4 from Mexico), Africa (10 from Tanzania), and Asia (10 from Indonesia).
ELISA. ELISA plates (Nunc-Immuno plate MaxiSorp Surface; Nalge Nunc International) were coated with 0.1 mg of antigens. The wells were blocked with 300 mL of blocking solution for 1-2 h at 37ЊC. After the wells had been washed twice with PBS that contained 0.05% Tween 20 (PBST), 100 mL of serum samples diluted 1:100 in blocking solution was added and incubated for 1 h at 37ЊC. The wells were washed 5 times with PBST and incubated with 100 mL of protein G conjugated with peroxidase (Cappel) for 1 h at 37ЊC; they were then washed 5 times with PBST. After incubation with 100 mL of substrate (0.4 mmol/L 2,2 -azino-di-[3-ethyl-benzthiazoline sulfonate] in 0.1 mol/L citric acid buffer [pH 4.7]) for 30 min at room temperature, the optical density at 405 nm of each well was determined using an ELISA plate reader (model 450; Bio-Rad Laboratories) [7] . Serum samples giving optical density values at 405 nm that were greater than the mean ‫ע‬ 3 SD for normal human or pig control samples ( ) were considered to be n p 15 seropositive.
Preparation of Rec-Ag1V1/Ag2. Rec-Ag1V1/Ag2 was expressed in a bacteria system as described elsewhere [9] , with some modification. Briefly, sequential polymerase chain reaction (PCR) mutagenesis was performed. PCR products amplified from both Ag1V1 cDNA with primers EcoRIAg1V1 forward and Ag1V1/Gly/Ag2 reverse and for Ag2 cDNA with primers BamHIAg2 reverse and Ag1V1/Gly/Ag2 forward, were further amplified with primers EcoRIAg1V1 forward and BamHIAg2 reverse so that the Ag1V1/Ag2 chimeric gene could be obtained. The primer sequences used were 5 -GGGAATTCGAGAAAAA-CAAACCGAAGTGT-3 (EcoRIAg1V1 forward) and 5 -CTGA-AGAACAAAACTGCTGGAGGTGGAGGTGGAAAGGAAACT-AAACCAGAG-3 (Ag1V1/Gly/Ag2 reverse); and 5 -TTGGATC-CTTAAGCAGCTTCGTTCTTGAG-3 (BamRHIAg2 reverse) and 5 -CTCTGGTTTAGTTTCCTTTCCACCTCCACCTCCA-GCAGTTTTGTTCTTCAG-3 (Ag1V1/Gly/Ag2 forward). The PCR products were digested with EcoRI and BamHI and cloned into the bacterial expression vector pTWIN-1 (New England Biolabs) to produce a fusion protein with chitin-binding domain/mini-inteins. The orientation of the inserted DNA was confirmed by sequencing. The cloned plasmid was transfected into Escherichia coli strain ER2566. The expression of RecAg1V1/Ag2 was induced by the addition of 0.5 mmol/L isopropyl-b-d-thiogalactoside to the culture. The expressed recombinant proteins were purified using a chitin column, in accordance with the manufacturer's instructions.
Amplification of Ag1V1 and Ag2 genes by PCR. A total of 7 isolates of T. solium cysticerci from South America (Brazil), Africa (Tanzania, Cameroon, and South Africa), and Asia (Indonesia, India, and China), collected from 1996 to 2001, were examined. All cysticerci samples were obtained from muscles of domesticated pigs by ourselves or our collaborators. Genomic DNA was extracted from a single cysticercus using a DNeasy Tissue Kit (Qiagen) and used as the template.
Two sets of PCR primers were used for amplification. The primer sequences used were 5 -CTCGCTCTCACTGTATT-CGT-3 (Ag1V1 forward) and 5 -TTGACAAGTTAAGCAGT-TTT-3 (AgV1 reverse); and 5 -CTCGCTCTCAGTGTTTTCGT-3 (Ag2 forward), and 5 -TTGACAAGTTAAGCAGCTTC-3 (Ag2 reverse). PCR was performed with high-fidelity enzyme PrimeSTAR DNA polymerase (Takara Bio) in a final volume of 50 mL that contained 0.2 mmol/L each primer, 0.2 mmol/L each dNTP, 100 ng of genomic DNA, and 1.25 U of DNA polymerase. The amplicons were purified using the NucleoSpin ExTract kit and directly sequenced as described below. In some cases, the amplicons were purified and subcloned into the pGEM-T vector after the addition of adenine to the ends of PCR products.
DNA sequencing. Nucleotide sequences were determined using the Thermo Sequenase dye terminator cycle sequencing premix kit (Amersham Biosciences) and an automated DNA sequencer (Applied Biosystems model 377; Perkin Elmer).
Statistical analyses. Pearson's correlation coefficient was applied to calculate correlation coefficients for the respective 
RESULTS
Immunoblot analyses of affinity-purified GPs. Using polyclonal and/or monoclonal antibodies against GPs and fluid from T. solium cysts isolated from different geographic areas, GPs were affinity purified and analyzed by immunoblotting under reducing conditions. The molecular sizes of GPs recognized as several bands were 8-50 kDa ( figure 1 ). There were critical differences in banding patterns between African/American and Asian genotypes, especially when they were probed with polyclonal and monoclonal antibodies. The 22-kDa band in GPs from the African/American genotype was not detected in GPs from the Asian genotype, which instead showed an 18-kDa band. The difference in GP pattern between the 2 genotypes was also confirmed when serum from patients with CC was used. The banding patterns of GPs purified using polyclonal antibodies were the same as those of GPs purified using monoclonal antibody (data not shown). The effect of glycosylation on this feature was investigated by PNGase F treatments. Enzymatic treatment of GPs was accompanied by a reduction in the number and molecular size of the antigens: only 2 bands of 8 and 16 kDa were recognized by the monoclonal antibody ( figure 1E ). In addition, there was no difference in banding patterns between GPs from the 2 genotypes after treatment.
Serodiagnostic evaluations of GPs using ELISA. ELISA tests using serum from patients seropositive for both RecAg1V1/Ag2 and GPs and from pigs that had been either naturally or experimentally infected in Africa, Latin America, and Asia were performed for the evaluation of the diagnostic values of GPs purified from the 2 genotypes of T. solium. The reactivities of serum samples with GPs from South America, Africa, and Asia were compared using ELISA with calculation of correlation coefficients for the respective absorbance values (figure 2). In this experiment, GPs purified from fluid from T. solium cysts prepared in China were used as Asian GPs, because GPs purified from those prepared in Papua, Indonesia, were not suitable for use as ELISA antigens because of high background. It was speculated that this was due to the poor conditions for preparation (very hot weather). The correlation rate for African and American GPs was higher (human, ; pig, r p 0.99 r p ) than that for African and Asian GPs ( and 0.97 r p 0.74 r p ) or American and Asian GPs ( and ), but 0.91 r p 0.73 r p 0.91 all values were found to have high correlations. When the reactivities of Asian GPs was compared with those of African or American GPs, several serum samples had low levels of reactivity to one antigen but high levels to the other. These results indicated that there were small antigenic differences in GPs between the 2 genotypes. However, all human serum samples and 187% of pig serum samples showed positive reactivities to purified GPs from Africa, South America, and Asia, and there were no differences in diagnostic sensitivities.
A comparison of GPs with Rec-Ag1V1/Ag2 was performed. All correlation coefficients for Rec-Ag1V1/Ag2 and GPs were high ( ). In humans, 4 of 60 serum samples were judged r 1 0.63 to be seronegative by Ag1V1/Ag2 testing (table 1). Two of these serum samples were near the cutoff applied for GPs. Never- theless, there was no statistical difference in diagnostic sensitivities between Rec-Ag1V1/Ag2 and GPs ( ). In pigs, 4 of P 1 .1 30 serum samples were judged to be seronegative, similar to those of native antigens (table 1) .
Cloning and characterization of the Ag1V1 and Ag2 genes. The monoclonal antibody used for the purification of GPs recognized recombinant Ag1V1 protein. There was no difference in sensitivity between Rec-Ag1V1/Ag2 and GPs, which indicated that all GPs contained protein identical or similar to Ag1V1 and Ag2 and that the protein backbones, not the carbohydrate components, of GPs were sufficient for serodiagnostic purposes. To clarify this issue, the Ag1V1 and Ag2 genes were amplified from T. solium isolates worldwide and compared. Primers specific to the Ag1V1 and Ag2 genes generated DNA fragments of 379 and 361 bp, respectively. The sequence data were deposited in Genbank (accession numbers AB263419-AB263432). Two introns were identified in each genomic clone (data not shown). The comparisons of Ag1V1 and Ag2 mature protein sequences with predicted mature protein sequences obtained in the present study revealed complete identities, except for Ag1V1 of Brazilian origin (1 substitution; F 
DISCUSSION
GPs of 10-26 kDa in fluid from T. solium cysts have widely been accepted for serodiagnostic purposes. These GPs consist of a very closely related family of 8-kDa proteins having 0-3 predicted N-linked glycosylation sites [9, [22] [23] [24] . In the present study, we demonstrated that banding patterns of purified GPs recognized by polyclonal and monoclonal antibodies and serum from patients with CC showed critical differences between the 2 genotypes of T. solium, and, furthermore, that these differences in the size of GPs were caused by different posttranslational modifications, especially glycosylation.
Plancarte et al. [25] performed the characterization of T. solium GPs and determined the glycan portion of GPs. Analyses of the glycan portion of GP identified mannose, N-acetyl-dglucosamine, and galactose in N-linked GP but not N-acetylgalactosamine, N-acetylneuraminic acid, fucose, or sialic acid that were found in N-and O-linked GPs. The fact that the protein backbone has N-linked glycosylation sites but no evidence of O-linked glycosylation in GPs suggests that N-linked carbohydrates consist of glycoforms with differences in molecular mass, structure, and compositions between the 2 genotypes of T. solium that were the cause of the different banding patterns. There was no difference in GPs purified by polyclonal and monoclonal antibodies. It may be explained by the fact that GPs form a 120-kDa protein complex in fluid from T. solium cysts [26] .
The deglycosylation by enzyme treatment resulted in the formation of 2 bands of 8 and 16 kDa, as described elsewhere [27] . The 8-kDa band was thought to correspond to the backbone protein, and the 16-kDa band might be an incomplete deglycosylated form, antigenically related protein, or homodimer and/or heterodimer of the 8-kDa protein described as likely being Echinococcus antigen B, which is closely related to T. solium GPs by unknown mechanisms [28, 29] .
Despite the high correlation in respective absorbance values obtained from each comparison set (figure 2), the correlation coefficient value for African and American GPs was slightly higher than those for African and Asian or American and Asian GPs. mtDNA analyses revealed that T. solium could be divided into the 2 genotypes, African/American and Asian [11, 12] . Furthermore, the purified GPs could be differentiated into 2 banding patterns corresponding to the 2 known genotypes [11] . The higher correlation coefficient for the African/American genotype might have resulted from both GPs having been purified from T. solium belonging to the same genotype. In other words, the origin of the fluid from T. solium cysts may have affected the antigenicity of GPs. In fact, reactivity of serum from American patients to African/American GPs was higher than that of Asian patients, and the inverse phenomenon was also observed (data not shown). There are 2 possibilities to explain this feature: (1) the different sugar moieties create different banding patterns with different antigenicity and (2) different expression patterns of 8-kDa backbone proteins have different epitopes recognized by host immune responses, given that the 8-kDa protein is a multigene family and various 8-kDa protein genes have been identified in genomic and cDNA of T. solium [23] . There was no distinction in sensitivity between GPs derived from the 2 genotypes. The antigenicity of carbohydrate components on GPs and the expression patterns of backbone proteins remain for further studies.
Four of 60 human serum samples showed negative reactions to Rec-Ag1V1/Ag2 protein (table 1) . Because the native proteins were highly glycosylated, the potential contribution of the carbohydrate moiety to the antibody response might be considered. Obregon-Henao et al. [27] demonstrated diminished antibody reactivity for the native antigen after deglycosylation. However, our previous [9] and present data, using Rec-Ag1V1/ Ag2, and the data of Hancock et al. [23] , using a synthetic peptide of the same molecule, indicated that antibodies to peptide, not carbohydrates, exist in amounts in patient serum sufficient for the detection of T. solium infection. Alternatively, because both Ag1V1 and Ag2 are part of GPs expressed in fluid from T. solium cysts, the pattern of host immune responses might differ by individual, as was observed by Hancock et al. [23] . Nevertheless, there was no statistic difference in sensitivity between Rec-Ag1V1/Ag2 and GPs. This indicates that RecAg1V1/Ag2 is a valuable target protein for serodiagnosis in humans and pigs. The facts that both Ag1V1 and Ag2 exist in T. solium worldwide without crucial variation and that it is easy to manage the quality and quantity of recombinant antigen, in contrast to native GPs, which we need to look for and/or maintain infected animals for, also support the usefulness of RecAg1V1/Ag2. To our knowledge, this is the first report of the characteristics of GPs from the 2 genotypes of T. solium worldwide and comparison of native GPs with recombinant chimeric protein as serodiagnostic antigens. Thus, the present work may contribute to the prophylaxis of the complex taeniasis-cysticercosis as advanced tools for detection of CC in humans and pigs with expectation of reducing the risk of infection and, consequently, the spreading of the disease in humans and pigs.
